Abstract: Phytochemical investigation of the aerial parts of Dodonaea viscosa led to the isolation of six new compounds including four isoprenylated flavonoids, dodovisones A-D (1-4), and two clerodane diterpenoids, dodovislactones A and B (5 and 6). Their structures were established by extensive spectroscopic analysis.
Introduction
The genus Dodonaea (Sapindaceae) is composed of approximately 50 species and is mainly distributed throughout Australia and its nearby islands. Only one species exists in China, Dodonaea viscosa; a eurytopic species growing throughout the tropics and sub-tropics. 1 This plant has been used as a folk medicine for the treatment of fever, skin diseases, stranguria, toothache, rheumatism, gout, inflammation, and swelling. 2, 3 Previous chemical investigations of D. viscosa found flavonoids, diterpenoids, triterpenoid saponins, cyanolipids, and phenylpropanoids, among which isoprenylated flavonoids and clerodane diterpenoids predominated. [2] [3] [4] [5] [6] [7] Pharmacological studies on the title plant have shown bioactivities such as antibacterial 8 and antioxidant 8 activities, inhibition against urease 9 and enoyl-ACP reductase, 10 and activity against liver fibrosis.
11 Hou et al. reported that some isoprenylated flavonoids from this plant enhanced the accumulation of lipid droplets significantly and induced the up-regulation of the expression of the adipocyte-specific genes aP2 and GLUT4. 2 Recent pharmacological research on hautriwaic acid and related terpenes derived from this plant also displayed potent inhibitions against edema-associated inflammation which were similar or higher than those of reference compound indomethacin when evaluated in the chronic test. 12 As part of our effort to assemble a large-scale natural compound library of thousands of structures as well as to examine opportunities for the development of natural resources, 13 14 5,7,4'-trihydroxy-3,6-dimethoxy-3'-prenylflavone, 15 5'-prenylaliarin, 3 5,7,4'-trihydroxy-3,6-dimethoxyflavone, 16 sakuranetin, 17 15-methoxypatagonic acid, 18 6α-hydroxycleroda-3,13-dien-16,15-*To whom correspondence should be addressed. E-mail: jkliu@mail.kib.ac.cn olid-18-oic acid; 19 and hautriwaic acid. 20 Herein, we describe the isolation and structure elucidation of the new compounds.
Results and Discussion
Compound 1 was isolated as a yellowish powder with a molecular formula of C 27 Figure 1 ) from H-1′′ to C-2′′ and C-3′′, and from H-5′′ to C-2′′, C-3′′, and C-4′′. Given that no correlation was observed for H-2′′ to C-4′, weak correlation from H 3 -4′′ to C-4a ( 4 J) strongly suggested that an oxygen atom was to bridge C-4′ (δ C 153.2) and C-3′′ (δ C 77.2) and not C-4′ and C-2′′. This unit was fused to ring B as shown via C-3′ and C-4′ by the HMBC correlations from H-1′′ to C-2′, C-3′, and C-4′. Another isoprenoid unit was confirmed by HMBC correlations from H-2′′′ to C-1′′′, C-4′′′, and C-5′′′, and from H-1′′′ to C-2′′′ and C-3′′′ and was attached to C-5′ by correlations from H 2 -1′′′ to C-4′, C-5′, and C-6′. During our work to elucidate hundreds of structures of aromatic methoxycontaining compounds, we found that the particular low field chemical shifts of the aromatic methoxy carbon signals at about 60 ppm (aromatic methoxy carbon signals were commonly at about 56 ppm), were without exception accompanied by o-substitutions on both sides of the methoxy groups. 22 This observation may be explained by the steric hindrance of neighboring groups within the same plane. According to this regulation, the two methoxy groups (δ H 3.83; δ C 60.1/δ H 4.03; δ C 60.9) were assigned at C-3/C-6, since a chelated phenolic hydroxy group at δ H 12.94 (1H, br. s) must be connected to C-5 and the two low field meta-coupled aromatic protons at δ H 7.66 and 7.76 (each 1H, d, J = 1.7 Hz) can easily be assigned as H-2′/H-6′. This deduction was further supported by the HMBC correlations from δ H 3.83 to C-3 (δ C 138.2) and from δ H 4.03 to C-6 (δ C 129.9). The HMBC correlations from the aromatic singlet at δ H 6.55 to five quaternary carbons C-6, C-7, C-9, C-10, and C-4 ( 4 J, ω-coupled) indicated that the singlet was assigned to H-8. Accordingly, the hydroxy group leftover must be attached to C-7 (δ C 154.8). On the basis of the above discussion, the structure of 1 was finally assigned as 2-[3,4-dihydro-3-hydroxy-8- )] in 2. This group was confirmed by HMBC correlations from H-5′′′ to C-2′′′, C-3′′′, and C-4′′′, and from H-1′′′ to C-2′′′ and C-3′′′. The methylene protons (δ H 2.69 and 2.58) of the isoprenoid side chain showed HMBC correlations to C-4′, C-5′, and C-6′, positioning this group at C-5′ as in 1. Hence, compound 2 was elucidated as 2-[3,4-dihydro-3-hydroxy-8-(4-hydroxy-3-methylbutyl)-2,2-dimethyl-2H-1-benzopyran-6-yl]-5,7-dihydroxy-3,6-dimethoxy-4H-1-benzopyran-4-one, and it was given the name dodovisone B.
Compound 3 gave a molecular formula of C 27 H 30 O 8 by HREIMS. Comparison of its 13 C NMR data ( Table 1 ) with those of 2 revealed similarities, except for the evident methine signals of a double bond (δ C 122.1 and 130.8) in 3 instead of a methylene (δ C 32.3, C-1′′) and an oxygenated methane (δ C 70.1, C-2′′) in 2, which was supported by HMBC correlations from H-1′′ (δ H 6.39) to C-2′, C-3′, and C-4′ and from H-2′′ (δ H 5.69) to C-3′, C-1′′, C-3′′, C-4′′, and C-5′′. Consequently, compound 3 was elucidated as 2-[8-(4-hydroxy-3-methylbutyl)-2,2-dimethyl-2H-1-benzopyran-6-yl]-5,7-dihydroxy-3,6-dimethoxy-4H-1-benzopyran-4-one and was named dodovisone C.
Compound 4 was assigned the molecular formula C 22 H 22 O 8 by HREIMS. It was found to be an isoprenylated flavonol with the same ring A and C moieties as 1-3. The ABX spin system observed for aromatic protons in the 1 H NMR ( quarternary carbon at δ C 160.1. This butenyl unit was confirmed by HMBC correlations from H-5′′′ to C-2′′′, C-3′′′, and C-4′′′, and from H-1′′′ to C-2′′′ and C-3′′′. The above two groups were fixed at C-3′ and C-4′, respectively, by strong Compound 5 was isolated as colorless oil. Its molecular formula was determined as C 18 (Figure 2 ) from H 2 -11, H 2 -12, and the methoxy protons to C-13 indicated that instead of a butenolidecontaining side chain, a methyl propionate one was linked at C-9; therefore, the planar structure of 5 was defined.
The relative configuration of 5 was established by ROESY correlations and proton coupling constants based on computergenerated 3D drawing with minimized energy by MM2 calculation (Figure 2) . The pro-19S diastereotopic proton, which was ω-coupled ( 4 J = 2.0 Hz) with H-6β, 23 showed correlations with H-1α and H 3 -20, indicating α-and axial orientation for both C-20 and C-19. In addition, the axially 24 except that a methoxy group was evident in 6. HMBC correlation in 6 from the methoxy protons (δ H 3.57) to C-16 verified that the methoxy group was at C-16. In the ROESY spectrum, correlations of H 3 -19/H 3 -20 and H-10/H-12 revealed the orientation of C-19, C-20, and H-10 as α, α, and β, respectively. However, no useful information about the stereochemistry at C-8 was obtained. In consideration of the co-occurrence of 5, 15-methoxypatagonic acid, 6α-hydroxycleroda-3,13-dien-16,15-olid-18-oic acid, and hautriwaic acid, C-8 should have the R* configuration of these analogues. This deduction was also supported by referring to the 1 H and 13 C NMR data of the diterpenoid hardwickiic acid 25 recorded in the same solvent. The diterpenoid was therefore elucidated as shown and was named dodovislactone B.
Experimental Section
General Experimental Procedures. Optical rotations were measured on a Jasco P-1020 automatic digital polarimeter. UV spectra were obtained in an HPLC (Agilent 1200, DAD). IR Extraction and Isolation. The aerial parts of D. viscosa (12 kg) was powdered and extracted with MeOH at room temperature. After filtration, the methanolic extract was evaporated under reduced pressure to get a residue (ca. 900 g), which was fractionized by silica gel column chromatography using petroleum ether (PE)/acetone gradient and then MeOH to yield six main fractions A-F. Separation of fraction C eluted with PE/acetone (9:1→7:3) by silica gel eluted with CHCl 3 /MeOH gave four subfractions C1 (100:1), C2 (30:1), C3 (20:1), and C4 (10:1). Fr. C1 was purified by Sephadex LH-20 (CHCl 3 /MeOH, 1:1) and then preparative TLC (PE/EtOAc, 9:1) to afford 5 (4 mg). Fraction C2 was purified by Sephadex LH-20 (CHCl 3 /MeOH, 1:1) and then preparative HPLC on a ZORBAX SB-C18 column (20%→100% CH 3 CN in H 2 O over 10 min) to afford 3 (4 mg, t R = 7.1 min) and 1 (2 mg, t R = 7.6 min). Fraction C3 was purified by silica gel (CHCl 3 /MeOH, 20:1) and then Sephadex LH-20 (MeOH) to afford 2 (62 mg) and 4 (2 mg). Fraction D eluted by PE/acetone (6:4→1:1) was further separated by silica gel (CHCl 3 /MeOH, 50:1) into two subfractions -D1 and D2. After repeated preparative TLC (PE/EtOAc/formic acid, 40:10:0.2), fraction D1 afforded 6 (23 mg). 
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